In our studies, concerned with the enumeration and physiological characterization of heterotrophic microorganisms in local mountain streams, use of plate count agar prewarmed to 42, 45, and 50 C was compared with a spread plate using the same medium, completed by adding 0.1-ml portions of appropriately diluted water samples, followed by streaking with a precooled alcohol-flamed glass rod. Before inoculation, the spread plates were allowed to dry until no syneresis fluid was present on the agar surface, to assure that colony spreading would be minimized. All samples were transferred from the same water sample dilutions prepared with phosphate buffer dilution blanks, and plates (in 10-fold replication) were incubated in an inverted position at 35 C for varied periods of time.
The standard plate count requires use of a pour plate technique for enumeration of total viable microorganisms in water. Portions of the water sample, diluted in phosphate buffer, are transferred to sterile petri dishes, followed by addition of approximately 20 ml of plate count agar at a temperature of between 43 and 45 C, gentle mixing, and solidification of the agar as soon as possible. Plates are incubated at 35 C for 48 h (1).
In our studies, concerned with the enumeration and physiological characterization of heterotrophic microorganisms in local mountain streams, use of plate count agar prewarmed to 42, 45, and 50 C was compared with a spread plate using the same medium, completed by adding 0.1-ml portions of appropriately diluted water samples, followed by streaking with a precooled alcohol-flamed glass rod. Before inoculation, the spread plates were allowed to dry until no syneresis fluid was present on the agar surface, to assure that colony spreading would be minimized. All samples were transferred from the same water sample dilutions prepared with phosphate buffer dilution blanks, and plates (in 10-fold replication) were incubated in an inverted position at 35 C for varied periods of time.
Results of these initial experiments are given in This observation could be duplicated by prewarming spread plates to 45 C, indicating that microorganisms are sensitive to this transient warming stress independent of other variations between the pour and streak plate procedures.
Further studies of transient warming stress effects were carried out by using 5.0-ml portions of a water sample warmed for varied periods of time at 50 C with shaking, followed by cooling and application to the surface of plate count agar, using incubation at 30 C (Fig. 1) . As littJe as a 1-min exposure of water microorganisms to a temperature of 50 C caused a significant decrease in recovery, with plates read after 14 days of incubation.
Starvation of a microbial population, which can be postulated to occur in low-nutrient aquatic environments, can lead to increased susceptibility to a secondary transient, warming stress. A washed suspension of Escherichia coli was allowed to starve for 4 weeks under shaken conditions in a mineral salts medium (4). At 0 time, 1, 2, and 4 weeks, samples were removed and assayed by using spread plates with and without a 5-min secondary stress at 50 C (Fig.  2) . As starvation progressed with a concomitant decrease in turbidity, the stressed culture showed an increased susceptibility to the uniformly applied secondary stress. These differences became significant at the 2-week assay, and highly significant at the 4-week determination.
Decreased recovery of relatively unstressed cultures of E. coli with a pour plate procedure, in comparison with a spread plate, has been described (8), using pour plate agar cooled to 48 C. In addition, the use of a spread plate has on September 20, 2017 by guest http://aem.asm.org/ been recommended for use when assaying microorganisms which may have a degree of susceptibility to the environment of warmed agar (2, 6).
Earlier studies by Stapert, Sokolski, and Northam (7) and Zobell and Conn (10) also have emphasized the role of transient warmedagar temperatures in decreasing microbial recovery when using pour plates. The majority of marine microorganisms were found to succumb when exposed to temperatures of 30 to 40 C for 10 min. Zobell (9) noted that fresh-water bacteria could be characterized by a thermal death point approximately 10 C higher than that found for marine types, being approximately from 40 to 50 C, within the temperature range of agar used in the standard methods procedure (1).
Proposed revisions of the 1962 Drinking Water Standards (3) include quantitative bacterial plate count limits carried out using the standard plate count procedure. Based on our results and the available prior literature, such a warmed-agar pour plate procedure is not suitable for enumeration of heat-sensitive and possibly nutritionally-stressed heterotrophic microorganisms found in aquatic environments.
In addition, based on Postgate's statement that "bacteria subject to stress become hypersensitive to secondary stresses" (5), it also should be possible to evaluate the degree of stress which microorganisms are being subjected to in aquatic environments by observing relative decreases in recovery when a uniform secondary stress is applied. Our investigation with E. coli (Fig. 2) 
